Abstract: Visualization of endogenous molecules in small experimental animals is very important in order to investigate the localization of specific molecules. Conventional imaging techniques are not suitable for simultaneous visualization of endogenous molecules. We recently developed a new imaging methodimaging mass spectrometry (IMS) using matrix-assisted laser desorption/ionization quadrupole ion trap time-of-flight (MALDI-QIT-TOF). In this study, we applied IMS using MALDI-QIT-TOF to visualize the metabolites in medaka (Oryzias latipes) sections and determined the spatial distribution of metabolites including lipids.
INTRODUCTION
Molecular imaging techniques that involve the use of antibodies 1) , green fluorescent proteins 2) , or stains are essential for obtaining biological information. However, the methods for visualizing endogeneous metabolites remain to be established. It is very difficult to investigate the localization of metabolites such as lipids. We recently developed a new imaging method-imaging mass spectrometry (IMS) using matrix-assisted laser desorption/ionization quadrupole ion trap time-of-flight (MALDI-QIT-TOF) 3) . IMS can enable the visualization of the distribution of individual biomolecules in a tissue section without requiring antibody, staining or complicated pretreatment 4) . Direct analysis of a tissue section using IMS allows the detection of a wide range of endogenous molecules such as lipids 5, 6) , and peptides 7, 8) , as well as administered pharmaceuticals 9, 10) . Therefore, IMS has been used to study a wide variety of animal and plant systems. Here, we applied IMS to visualize the endogenous molecules in medaka (Oryzias latipes) sections. Such an analyasis is important because medaka is widely used as an experimental animal in the several fields, such as pathology 11, 12) , organ morphogenesis 13) , environmental assessment 14, 15) , embryology 16) , and basic biology 17) . Thus far, there has been no report of an analysis of medaka sections using MALDI-IMS. We could observe the spatial distribution of several molecules, including lipids, in medaka sections. The application of IMS for visualizing endogeneous molecules in small animals should be useful in several fields of study.
MATERIALS AND METHODS

1
Trifluoroacetic acid (TFA) and methanol were purchased from Kanto Chemical Company Inc. (Tokyo, Japan); 2,5-dihydroxybenzoic acid (DHB), from Bruker Daltonics (Bremen, Germany). Ultra-pure water was obtained using a Milli-Q water system (Millipore, Bedford, MA, USA) and was used for the preparation of all buffers and solvents. All the chemicals used in this study were of the highest purity available.
2
Medaka were purchased from a local pet shop in Hamamatsu, Japan. They were bred at room temperature and frozen on the dry ice just before the sample preparation.
3
Samples were prepared as previously described 18, 19) , with slight modification. Briefly, consecutive 8-mm sections of frozen medaka were prepared using a cryostat (CRYOCUT CM 1950; Leica Microsystems, Wetzler, Germany). The sections were mounted on an indium-tin-oxide (ITO)-coated glass slide (Bruker Daltonics). DHB matrix solution (50 mg/mL DHB in 70% methanol/0.1% TFA) was sprayed uniformly over the sections with a 0.2-mm nozzle caliber airbrush (Procon Boy FWA Platinum; Mr. Hobby, Tokyo, Japan). After the ITO-coated slide glass was dried, it was affixed to the mass spectrometer target plate with doublesided conductive adhesive tape for facilitating electrical conduction. An digital image of each section on the target plate was acquired using the scanner of a chemical inkjet printer (CHIP-1000) developed by Shimadzu Corporation (Kyoto, Japan) in collaboration with Proteome Systems Ltd. (Sydney, Australia), and the locational marker was developed by the CHIP-1000. The target plate was introduced into an AXIMA-QIT mass spectrometer (Shimadzu Corporation, and Kratos Analytical, Manchester, UK), and the markers were useful for providing positional information and for selecting the area for IMS measurement.
4
All analyses were performed in the positive-ion mode and in the mid-mass range using the AXIMA-QIT mass spectrometer 3, 18, 20) . In the present study, the data acquisition and processing were controlled by using the Launchpad software (Kratos Analytical). The measurement pitch was set to 100 mm. Each spot was scanned by the laser twice. The power setting was 55 (order was defined by AXIMA-QIT instrument). This experiment was repeated 3 times. We converted the raw data into apply the BioMapcompatible data using the Axima2Analyze software (Novartis, Basel, Switzerland), which is available free of cost. The resultant data was analyzed using BioMap software for image analysis (Novartis). Intensity-based ion maps were constructed on the basis of the converted data using BioMap. Ion intensity was normalized by SHZ normalize intensity software (Shimadzu Corporation).
5
The consecutive sections of medaka were used for MS/MS analyses. The MS instrument settings were changed to correspond to the ions present in the molecules of interest. To identify the molecular species, the mass/charge (m/z) value of the phosphatidylcholine (PC) precursor ion was transferred to the Lipid Search tool developed by Dr Taguchi (http://lipidsearch.jp/manual_search/).
RESULTS AND DISCUSSION
shows optical image of hematoxylin and eosinstained medaka sections and the accumulated mass spectra acquired from 4 organs of medaka. We focused on 4 major organs in medaka, namely, the brain, liver, eye, and gills. Section 1 included the brain and liver ( and ),
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J. Oleo Sci. 58, (8) 415-419 (2009) and section 2 included the eye and gill ( and ). Mass spectra analysis of the different organs revealed that each organ had unique distribution profiles of the metabolites; this indicated that mass spectra analysis can be performed to differentiate between organs ( -). The 10 most intense peaks of each organ were in the MS analysis.
MS/MS analysis of each tissue section was performed to identify the distribution profiles of molecular species in an organ, and the ions with m/z values of 796 were considered to be PC (1-acyl 34:2) because the neutral loss of 59 Da and 183 Da were characteristic of PC ( ) 18, 21, 22) . The molecules with m/z values of 798 and 820 could be identified to be PC (1-acyl 34:1) and PC (1-acyl 36:4), respectively (data not shown). Imaging reconstruction of PC (1-acyl 34:1), PC (1-acyl 34:2), and PC (1-acyl 36:4) was performed using the BioMap software ( -). PC (1-acyl 34:2) was found to be ubiquitous in section 1 ( ) and section 2 ( ). PC (1-acyl 34:1) was localized in the brain ( ). In section 2, PC (1-acyl 34:1) was found to be extensively present in the eye and gill ( ). PC (1-acyl 36:4) was ubiquitously distributed in section 1 ( ) and in section 2 (
). Considering the abundance of fatty acids in medaka, the major fatty acid composition of PC (1-acyl 34:1) may be C16:0 (palmitic acid) and C18:1 (oleic acid), that of PC (1-acyl 34:2) may be C16:0 and C18:2 (linoleic acid), and that of PC (1-acyl 36:4) may be C16:0 and C20:4 (arachidonic acid). The spatial distribution of these PCs reflects the importance of each fatty acid in the organs.
We could also detect other peaks with characteristic distribution patterns. Representative peaks are shown in -. The molecule with m/z value of 844 was mainly distributed in the brain and liver (
). This molecule could be PC (1-acyl 40:6), the major fatty acid composition of which is C16:0 and C22:6 (docosahexaenoic acid) 18) . The molecules with m/z values of 868 and 912 were localized in the brain ( and ) . The molecules with m/z values of 810 and 982 were predominantly localized in the eye; however, the localization of these molecules seemed to be different ( -). shows the merged image the peaks corresponding to m/z values of 810 (red) and 982 (green). These 2 peaks showed partial colocalization (yellow in ); however, m/z 810 was mainly distributed in the inner region of the eye, whereas m/z 982 was located in the outer region ( ). The difference in the localization of these molecules might indicate a difference in the inner and outer structure of the medaka eye. More detailed analysis of these peaks needs to be performed in future. Careful identification of molecules corresponding to unknown peaks obtained by MS/MS was required. Molecules are generally detected as metal adducts (Na or K adducts) and protonated species 18) . In our study, we also detected peaks corresponding to fragments formed by neutral loss 18) . We are currently trying to identify molecules corresponding to unknown peaks in our laboratory by taking ionization properties into consideration.
CONCLUSION
We could detect the distribution of small molecules in medaka sections and identify the molecules with m/z values of 796, 798, and 820 as PCs. We demonstrated that this method can be applied for analyzing sections obtained from small experimental animals in investigations in several fields, such as pharmacokinetics, pathology, or morphology. This method will be particularly useful in investigating the distribution of lipids in fish since fish oils have beneficial effects on human health 23) . MALDI-IMS is expected to be used for elucidating the localization of metabolites in future studies.
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